Saraca asoca (Roxb.) De Wilde is an important medicinal plant from the Western Ghats of India, traditionally used in treatment of various gynecological disorders. Increasing commercial demand and decreasing numbers has resulted in this plant becoming endangered with crude drug materials being extensively substituted/adulterated with other plant species. The present study was undertaken with the objective of development and evaluation of multivariate cluster analysis of ISSR fingerprints against rbcL-based DNA barcodes as tool to understand the relationships and to differentiate common adulterants and substituents from S. asoca. ISSR-based Hierarchical Cluster Analysis was carried out on 41 samples of S. asoca and 5 each of the 5 common substituent/adulterant plants and the clustering patterns were evaluated against DNA-sequence-based barcoding of rbcL region of their plastids. Factorial analysis and Principal Coordinate Analysis revealed distinct groups of genetic pools of respective taxa thereby confirming the utility of ISSR fingerprinting as a useful tool for differentiation between the genuine and the adulterants/substituents. NCBI-BLAST search on DNA barcode rbcL region confirmed the results of ISSR assays. Therefore, our study demonstrated the utility of simple, cost-effective method of ISSR fingerprinting coupled with rbcL barcoding in differentiating this important medicinal plant from its common adulterants/substituents.
Introduction
Allele frequencies in any species may change from generation to generation. This happens due to the influence of multiple forces that may include mutation, selection, drift, and gene flow as well as various other constraints viz. history, demography, development, genomic structure and environment, resulting in 'Biological Evolution' (Jorde and Ryman 1995; Ellstrand 2014) . These changes are effected through a plethora of biochemical pathways that comprise an interplay of the actions of many enzymatic reactions that produce primary and secondary metabolites. Evolutionary consequences, coupled with environmental changes may lead to dramatic variations in the genome of a species, vis-à-vis their phytocostituents (Wolf et al. 1998; Briskin 2000; Shukla et al. 2018) . Cladistic or phylogenetic analysis of molecular genetic characteristics of a plant species, therefore, has tremendous potential as a tool for use in understanding the relationships, origin or lineage of the plant (Schaal et al. 1998; Carvalho et al. 2012) . Cluster analysis through phylogenetics and multivariate analysis has received considerable attention not only for genetic studies, but also for studies involving diverse array of phytoconstituent fluctuations (Palmblad and Deelder 2012) . Inferences derived from phylogenetic analysis are finding more and more use in authentication and development of quality control parameters for commercially important plants (Jensen et al. 2012; Feng et al. 2014; Pendkar et al. 2016) .
Saraca asoca (Roxb.) De Wilde (Caesalpiniaceae), commonly known as "Ashoka" is one of the most highly traded medicinal trees (Nadkarni 1976; Khare 2007; Tandon and Yadav 2017) . It is native to south and central Western Ghats in India and grows in Sri Lanka as well. S. asoca is greatly valued for treatment of gynecological disorders. The bark extract has been reported to possess a variety of therapeutic effects that include antitumor/anticarcinogenic, and antimicrobial activities and against skin diseases (Nadkarni 1976; Singh et al. 2015) . The bark, which is a strong astringent and uterine sedative, has a stimulating effect on endometrium and ovarian tissues (Nadkarni 1976; Tandon and Yadav 2017) . It is used as the main ingredient in several commercial Ayurvedic preparations like 'Ashokarishtam' and 'Ashokaghritham' and therefore, it is immensely exploited by the phytopharmaceutical industry. S. asoca figures in Red List of 'Threatened Species' by International Union for Conservation of Nature (IUCN) and is reported to be endangered. It is suggested that extensive substitution and adulteration of the crude drug might be taking place to match increasing demand (Singh et al. 2015) . Urumarudappa et al. 2016 also reported occurrence of extensive adulteration (80%) in crude drug of S. asoca. Literature reveals its substitution and adulteration with different plant materials e.g., Trema orientalis, Bauhinia variegata, Mesua ferrea, Shorea robusta, and Polyalthia longifolia (Sarin 1996; Anonymous 2005; Singh et al. 2015; Hegde et al. 2017a) .
Polyalthia longifolia (Annonaceae) is such a common adulterant of S. asoca that it is also often called locally as "Ashoka". Therefore, P. longifolia has earned the common name "False Ashoka" in English. Like S. asoca, it is also native to India and Sri Lanka and widely cultivated and distributed also in Bhutan, China and many tropical countries. Trema orientalis (Cannabaceae) is another adulterant/substituent of S. asoca that is found in Australia, Africa and Asian countries. Leaf, stem and root of this tree have been reported for treatment of diarrhoea and epilepsy (Nadkarni 1976; Khare 2007) . Bauhinia variegata is native to China, Myanmar, North Thailand, Peoples Democratic Republic of Laos, and North Vietnam. It is used to treat haematuria, and menorrhagia while it also shows antidiabetic, antioxidant and anti-inflammatory properties (Nadkarni 1976; Khare 2007; Farag et al. 2015) . Shorea robusta is native to the Indian subcontinent and its bark contains a novel benzofuran, shoreaphenol (Patra et al. 1992) . It is mainly used as timber in India. However, medicinally, it acts as antidiarrhoeal and antidysentric agent and the oil is used to treat skin diseases (Khare 2007) . Mesua ferrea is an angiosperm belonging to the family Calophyllaceae which is native to Cambodia, India, Malaysia, Myanmar, Philippines, Singapore, Sri Lanka, Thailand, and Vietnam. It contains compounds like 1, 5-dihydroxyxanthone (II), euxanthone7-methyl ether (IV) and β-sitosterol and is used to treat various diseases like bleeding piles, gastritis and bronchitis (Chow and Quon 1968; Nadkarni 1976; Khare 2007 ). The present study was undertaken with the aim to develop and evaluate multivariate cluster analysis of ISSR fingerprints against rbcL-based DNA barcodes as a tool to understand the relationships and to differentiate common adulterants and substituents from S. asoca.
Materials and methods

Plant sampling and identification
Leaves from 41 individuals of S. asoca were collected, labeled with separate laboratory identification codes, and stored at − 80 °C (Table 1) . Collections were made from six different states that consisted of ten localities to ensure that larger/diverse populations are included for assessment of intra-specific variations. For the purpose of differential genetic profiling of the adulterant/substituent plants, leaf samples of five individuals of each species of Trema orientalis, Bauhinia variegata, Mesua ferrea, Polyalthia longifolia and Shorea robusta were collected, assigned laboratory identification codes and kept separately. Voucher specimens from the collected plant samples were identified by a taxonomist and deposited in the herbarium at ICMRNational Institute of Traditional Medicine, Belagavi, India.
DNA extraction
Genomic DNA was extracted from leaf samples of all the collected plants individually using modified CTAB method (Richards et al. 1994) . The quantity and purity of DNA was measured using Nanodrop Spectrophotometer (JH BIO, USA) and by confirmation of PCR amplification with agarose gel electrophoresis. Final dilution was made up to 40 ng/μL with TE buffer (10 mM Tris HCI, pH 8.0 and 0.1 mM EDTA, pH 8.0) and stored at − 20 °C until further use.
ISSR and rbcL amplifications
ISSR fingerprinting assays were carried out with well-established UBC primer # set 9 (University of British Columbia, Canada; synthesized from Sigma-Aldrich, India). A primer UBC 815 (3′-CTC TCT CTC TCT CTCTG-5′) that resulted in the most consistent and reproducible bands was selected for all subsequent ISSR assays which were performed in 25 μL reaction volumes containing 40 ng genomic DNA, 10 μM primer, 200 µM of each dNTP, 3U/μL of Taq DNA polymerase (Merck, India) and 10X PCR buffer (Tris HCl, pH 9.0; 15 mM MgCl 2 ; Merck, India). ISSR assays were performed following cycling condition described by Hegde et al. (2017b) . Nexus (Eppendorf AG, Germany) thermocycler. The amplified products were visualized after gel electrophoresis (BioRad, USA) on 1.5% agarose gels in 1X TAE buffer using GelRed (Biotium, USA) as staining dye. The agarose gels were visualized and documented using a gel documentation system (Syngene, UK). Amplification was repeated thrice to confirm the reproducibility of the bands and only the consistent and reproducible bands were considered for analysis. Amplification of rbcL region was performed in 25 μL reaction volumes containing 40 ng genomic DNA, 10 μM primer, 200 µM of each dNTP, 3U/μL of Taq DNA polymerase (Merck, India) and 10X PCR buffer (Tris HCl, pH 9.0; 15 mM MgCl 2 ; Merck, India). To enhance and facilitate the PCR amplification, spermidine (10 mM) and DMSO (100%) was used in each assay (Wan et al. 1993; Rasmussen et al. 1994) . Details of amplification conditions and primer are provided in Table 2 . PCR products were sequenced after confirming amplification in agarose gel, and purification using Mini Elute PCR Purification Kit (Qiagen).
Data analysis
Amplification of each ISSR PCR fragment from each individual sample was recorded from agarose gel profiles as in binary matrix. Presence (1) or absence (0) of bands were scored for each genotype. Hierarchical Cluster Analysis (HCA) was performed for all samples and a dendrogram was constructed from the scored binary matrix through DARwin 6.0.12 software (Perrier and Jacquemoud-Collet 2006) . These scored binary matrixes were also used to compute Jaccard similarity coefficients into distances using program DendroUPGM (Garcia-Vallve et al. 1999) . Circular dendrograms were constructed using UPGMA by alignment of leaves and auto sort option through PhyloWidget program using Jaccard matrix (Jordan and Piel 2008) . Distance matrix generated by DARwin software was also used to perform Factorial Analysis. Graphical representations of the individual's relationships were performed to visualize grouping through Principal Coordinate Analysis (PCoA) and the percentage of polymorphic loci was calculated using GenAlEx version 6.5. (Peakall and Smouse 2012) . Molecular variance was also computed via covariance matrix with data standardization using GenAlEx version 6.5. The raw sequences were manually trimmed using Bioedit Sequence Alignment Editor Version 7.2.5 (Hall 1999) . The sequences were aligned with Clustal W (Thompson et al. 1994 ) and matched in NCBI-Basic Local Alignment Search Tool (BLAST) search to compare the desired gene. The multiple sequence alignment and UPGMA analyses of sequences was performed using MEGA version 7.0.14 (Kumar et al. 2016) . Population genetic parameters like number of segregating sites (S); total number of mutations that occurred in that population (η); haplotype (gene) diversity (Hd), nucleotide diversity (π) were estimated by pair wise comparisons (Nei 1987) . Average number of differences genetic diversity (K) per species was calculated using the program DnaSP version 4.0 (Rozas et al. 2003) .
SIAS server (https ://imed.med.ucm.es/Tools /sias.html) was used to compute sequence identity percentage and factorial analysis was performed using DARwin 6.0.12 (Perrier and Jacquemoud-Collet 2006) .
Results and discussions
Polymorphism
Amplification of genomic DNA by a ISSR primer UBC 815 from S. asoca (SA), M. ferrea (MF), P. longifolia (PL), T. orientalis (TO), S. robusta (SR), B. variegata (BV), yielded total 26 scorable loci. Briefly, 41 individuals of SA produced 7 scorable loci, while the 5 individuals of PL and SR produced 5 each, MF produced 4, TO produced 2 and BV produced 3. Although, 20 primers were screened, primer UBC815 showed the best discrimination power between the species with the samples used in the present investigation ( Fig. 1a and b: Supplementary material) . The Jaccard similarity coefficient, which measure the similarity between two sets of binary data, viz., the size of the intersection divided by the size of the union of the sample sets was computed through Phylowidget, which ranged from 0.11 to 1.0 for all the 66 individuals taken across species. Cophenetic Correlation Coefficient (CP) is a measure of how faithfully a dendrogram preserves the pairwise distances between the original unmodeled data points and in the present study, it showed a value of 0.930, indicating robust matching of dataset. The mean percentage of polymorphic loci, calculated from the binary matrix through GenAlEx version 6.5, was 13.73% (Standard Error: SE = 6.90%) when taken in total. Individually for SA it was 47.06%, for PL it was 5.88%, MF − 11.76%, SR − 11.76%, and for BV it was 5.88%. No polymorphic bands were observed in case of TO.
The aligned sequences of S. asoca rbcL gene were queried against available sequences in the NCBI BLAST and it showed the best match with S. asoca (GenBank accession KU499910.1, KU499909.1, KU499908.1) and also with Saraca palembanica and Saraca declinata (GenBank accession AM234238.1, JX856760.1). The sequences of BV showed similarity with Bauhinia variegata, Bauhinia galpinii (viz., GenBank accession JX571784.1, AM234262.1). Table 3 . The sequence of all the samples showed 100% identity with their respective species, except PL, which showed minor variation ranging from 99.42 to 99.43% (Table 3 ). This might be because of geographical constraints and its cultivation as an ornamental tree in different regions of the world. The sequence identity variation of BV1 to BV4 showed 89.84% against PL and rest of the sequences showed above 90% identity. The sequence variation between the species depicts the allelic alteration among the rbcL region, which is one of the conserved chloroplast regions (Kress et al. 2005) . Within the entire data set, there was a total of 519 sites excluding sites with gaps/missing data from a total of 564 sites. In that, there were 91 observed number of variable/ polymorphic sites (S), and 98 total numbers of mutations (η) (Fu and Li 1993) . There was 0.594 (SD: 0.066) average haplotype (gene) diversity (Hd), and 0.04038 (SD: 0.00497) average number of nucleotide differences per site between two sequences which is called as nucleotide diversity π (per site) (Nei et al. 1987) . The nucleotide divergence which in this case is the average proportion of nucleotide difference between species [with Jukes and Cantor = K (JC)], from SA to others are K (JC-Silent): 0.04087; K (JC-Silent): 0.07372; K (JC-Silent): 0.07918; K (JC-Silent): 0.08132; K (JC-Silent): 0.06270 in BV, MF, PL, SR and TO, respectively. Also, as evident from the sequence identity matrix, there was less sequence divergence (Table 3) . This might be due to the conserved nature of the rbcL region, which also makes it suitable for identification purpose as a DNA barcode (Kress et al. 2005) .
Multivariate cluster analysis
Dendrogram generated from ISSR-based binary matrix using DARwin 6.0.12 software showed two major clusters in which cluster I consisted of SA, SR, TO, PL and MF samples, whereas cluster II contained of only MF samples (Fig. 1) . Within cluster I, SA grouped in two different minor clusters with SA 32-36 forming the smaller group and SA 1-41 forming the larger group. SA 32-36 appeared closer to TO in cluster I. SA 1, 3, 6, 26 and 27 appeared very distinct in the larger sub-group of SA in cluster I. BV samples in cluster II had two genetic types as was the case with PL in cluster I. SR and MF exhibited three types. Simplicifolious separation of SA (32-36) and TO (57-61) from others and their occurrence closer to each other is an interesting observation made in the study. The results generated with Phylowidget software also shows very similar clustering patterns as depicted (Fig. 2) . Although, in ISSR-derived analysis, all the individual population clusters were distinct, SA, SR and TO tended to be close in both the cluster analyses done. Figure 3 represents UPGMA-based phylogenetic tree generated using rbcL sequences from all the 66 samples. The optimal tree with the sum of branch length is 0.218 with 519 positions in the sequence data. It produced two major clusters in which cluster I consisted of five minor clusters. The upper half of the tree contained only SA samples followed by BV, TO, MF, PL (Fig. 3) . The sequences from SR samples produced different major cluster (cluster II). Therefore, in the present study, rbcL-sequence-based phylogenetic inferences were found position species on clear clusters that could be used easily to find origins and to aid identification (Bodin et al. 2016) .
Factorial analysis was carried out for confirming the relationships seen in the genetic dendrogram. It is a different approach in the representation of structure and species distinctness, and considered complementary to each other (Wang et al. 2016) . With the ISSR data matrix, although factorial analysis did not separate out all the individuals, it grouped them distinctly according to species affinities. However, rbcL-based factorial analysis showed clear representation of each species and clearly differentiated them from amongst each other. Although, in dendrograms, SA was clustered closer to adulterants and substituents (TO/SR/BV), factorial analysis revealed six distinct groups both in rbcL (Fig. 4a ) and ISSR profiles (Fig. 4b) representing their species and origin. The data similarities or dissimilarities were visualized by ISSR based PCoA analysis (Fig. 5) in which all the groups distinctly separated from SA and corroborated the results of factorial analysis using both ISSR and rbcL sequences (Fig. 4) . In both factorial analysis and PCoA analyses, the tested individual samples showed distinct groups of genetic pools of respective taxa thereby confirming its utility as a useful tool for differentiation between the genuine and the adulterant/substituent groups.
Although, HCA analyses of ISSR fingerprints and rbcL sequences generated for S. asoca and its common adulterants/substituents revealed closeness of some genotypes with TO, BV and SR, it was able to group them into distinct clusters. Factorial analysis and PCoA analysis helped in generation of distinct clusters that grouped them according to their species. BLAST search identified the exact matches of the respective sequences and confirmed the results of ISSR assays. Therefore, our study demonstrated the utility of simple, cost-effective method of ISSR fingerprinting in differentiating this important medicinal plant from its common adulterants/substituents. Because of the wider distribution of the substituent/adulterant plants, some of which are cultivated extensively, inclusion of a larger number of these samples would have been practically beyond the scope of this study and perhaps would not serve the purpose significantly better. Despite this limitation, the results obtained in this study could be well utilized in carrying out further field studies with market samples of the crude drug of S. asoca.
Utility of phylogenetic trees in differentiation of S. asoca from common substituents/adulterants through powerful visualization using multiple tools including factorial analysis and PCoA (Jordan and Piel 2008; Mooi and Sarstedt 2011) has been well demonstrated in the present study. The findings also warrant further studies on method development for resolving quality issues in medicinal products made from S. asoca. To the best of our knowledge, this is one of the first studies that utilizes ISSR markers and rbcL-based barcoding in differentiating S. asoca from its common adulterants/ substituents. DNA-based techniques, which are independent of environmental dependency have an advantage over other traditional methods and can be exploited for addressing genuineness in crude drugs (Smillie and Khan 2010; Pendkar et al. 2016) . Although various DNA-based methods are available, one simple and cost-effective method was chosen for characterization of the samples along with another more reliable and robust confirmatory technique. ISSR is one of the simplest and most cost-effective techniques Table 1 ) using rbcL sequences available for DNA-based fingerprinting which is considered to be superior to other random fingerprinting methods. This technique can be adopted and carried out in a wider number of laboratories and is therefore practically more feasible than other methods requiring more expertise and high-end technologies. Although a variety of genes have been tested as candidates for barcoding, in the present study rbcL was used as it produced better amplifications than others in preliminary studies (not shown). However, in the present study DNA barcoding with rbcL region was used to confirm the findings and utility of ISSR-based fingerprinting analyses and drawing of reliable conclusions.
The present study revealed that multivariate phylogenetic clustering coupled with factorial analysis and PCoA analysis can be effectively used to detect and differentiate S. asoca from its common substituents/adulterants. The present study may also help the regulatory authorities in using/recommending use of ISSR markers and/or rbcL barcoding as potential tools for differentiating adulterants and substituents of S. asoca. 
